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Abstract
Due to the heterogeneous nature of x-rays, metal filters
were created to block the lower energy x-ray photons from
reaching the image receptor and interfering with the quality
of the image. Filters provided the ability to attenuate the
lower energy x-ray photons, therefore leaving only the high
energy photons to pass through and eventually reach the
image receptor to create more diagnostic images with less
purposeful artifacts, known as image noise. A research
experiment was conducted at a forty-six-bed hospital located
in the Pacific Northwest to visualize how filtration affects
image quality, radiation dose to the patient, and how much
radiation actually reached the image receptor. In this
experiment, inherent filtration and added filtration were
tested by taking several images and also incorporating
varying thicknesses of aluminum (Al) and copper (Cu).

Methodology

Research conduction for this experiment included a series of
sixteen radiographs using Carestream equipment in a small
hospital in the Pacific Northwest. An abdomen phantom was
placed on its side in a lateral position, centered at the iliac crest
to simulate a lateral lumbar spine exam. A small ion chamber
was taped onto the phantom at the superficial location of the
femoral head. The source-to-image distance (SID) was held
constant at 110 cm with the collimation set to a 25 cm by 43 cm
light field. An image receptor (IR) was placed into the table
bucky portrait style with an 8:1 ratio grid inserted. Two similar
radiographic techniques, which will be discussed later, were
used while utilizing a large focal spot. The use of inherent filters,
such as copper and aluminum filters, were used within the x-ray
tube to determine how patient dose and image quality were
affected. Furthermore, each series of images were taken four
times to ensure consistency of the findings. In order to measure
the total amount of dose received by the patient, Dose Area
Product (DAP) was documented from the Carestream
equipment. Entrance Skin Dose (ESD) was recorded via a
dosimeter and ion chamber to measure the amount of radiation
dose absorbed at the patient’s skin surface. Additionally, the
exposure index (EI) number, which measures the total exposure
to the IR, was noted. Target EI range for this specific hospital is
1200 - 1600.
The first portion of the experiment was absent of any
filtration and used a technique of 85 kilovoltage peak (kVp) at
45 milliampere-seconds (mAs) to create a baseline of
comparison for the experiment (Table 1). Next, there are
different choices of inherent filtration (1 mm Al and 0.1 mm Cu,
1 mm Al and 0.2 mm Cu, and 1 mm Al) on the Carestream
equipment. Each was added independently to compare how each
combination of aluminum and copper, or lack thereof, affected
the measurement of dose and image quality. When the filtration
was added, the exposure factors were increased by five kilovolts
(kV), with the milliampere-seconds (mAs) held constant. The
emission spectrum experienced a reduction of amplitude due to
the added filtration, by increasing the kVp, we increased the
power and energy of the x-rays in the main beam to penetrate the
additional metal filters. Each was recorded and put into a
scientific table (Table 2).
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Data Results
After conducting the experiment, data calculations
revealed that even with the increase in kilovoltage (kV)
needed to penetrate through the filters, the DAP and ESD
both decreased by approximately 8% when filtration was
used (Table 2). Additionally, it was concluded that when Cu
was included in the filtration the recorded values for DAP
were reduced by 36 - 49%, which is significantly lower than
aluminum alone (Table 2).
Changes in image quality were not dramatically visible
throughout the images. However, images that were taken
with some amount of filtration had a slightly shorter
grayscale, indicating more shades of gray, and were still in
the acceptable EI range (Figures 1 - 4). The trabecular, bony
detail of the vertebrae was most evident in Figure 3 when 1
mm Al and 0.2 mm Cu was used (Figure 3).
Filtration has a dramatic effect on absorbed dose and
exposure to the patient because it can decrease the overall
intensity of the incident radiation. By absorbing the lowenergy photons, this method of “hardening the beam”
increases the overall energy, or quality, of the beam. The
leftover photons are more penetrating and are less likely to
be absorbed by the patient’s body tissue, thus decreasing the
absorbed dose to the patient.
Figure 1.
X-ray taken at 85 kVp and 45 mAs without
additional filtration.

Tables
Table 1.
No filters, utilizing a technique of 85 kVp at 45 mAs:
Dose Area Product
(DAP) in dGycm2
Exposure
1
Exposure
2

0.145

1450

166.46

0.141

1451

Exposure
4

166.37

0.138

1452

Dose Area
Product
(DAP) in
dGycm2

Entrance Skin
Dose (ESD) in
milliRoentgens
(mR)

Exposure
Index number
(EI)

Exposure
1

96.23

0.130

1478

Exposure
2

96.14

0.129

1478

Exposure
3

96.34

0.131

1478

Exposure
4

96.4

0.126

1478

Exposure
1

70.9

0.106

1430

Exposure
2

70.9

0.109

1430

Exposure
3

70.9

0.104

1424

Exposure
4

70.9

0.103

1429

Exposure
1
Exposure
2

151.71

0.134

1536

151.71

0.132

1537

Exposure
3

151.79

0.132

1538

Exposure
4

151.62

0.132

1537

Inherent filtration type

1 mm Al & 0.1 mm Cu

Types of
Filtration
Used

Average DAP Average
% change
mGy/cm2
Entrance Dose from original
(ESD) (mR) (DAP)

% change
from original
(ESD)

No Filters
(original)

166.30

0.143

-

-

1 Al

151.71

0.132

-8.8%

-7.7%

1 Al & 0.1 Cu 96.28

0.129

-42.0%

-9.8%

1 Al & 0.2 Cu 70.9

0.106

-57.4%

-25.9%

Conclusion

Table 2.
Additional inherent filters in the x-ray tube housing, utilizing a technique of 90 kVp at
45 mAs:

X-ray taken at 90 kVp and 45 mAs
with 1 mm Al and 0.1 mm Cu added
filtration.

X-ray taken at 90 kVp and 45 mAs
with 1 mm Al added filtration.

1454

Exposure
3

1 mm Al

X-ray taken at 90 kVp and 45 mAs with 1 mm
Al and 0.1 mm Cu added filtration.

Exposure Index
number (EI)

0.146

166.46

Figure 2.

Figure 4.

Entrance Skin Dose (ESD)
in milliRoentgens (mR)

165.89

1 mm Al & 0.2 mm Cu

Figure 3.

Data Analysis Calculations

Several findings suggest that there are many advantages
in the use of a filter for radiographic images, as it is efficient
in compensating for varying tissue thickness and
densities. In radiologic imaging procedures, both image
quality and patient radiation exposure are very important
values. For the best and most effective optimization of the
overall procedure, many factors need to be taken into
consideration. Not only are filters able to help overcome
image saturation in the thoracic spine and prevent scatter in
the lumbar spine, but they also serve as an easy, effective
method in saving patient dose without directly affecting
image quality. However, further research is needed to verify
that these findings would align with that of a real patient.

Future Recommendations
Research regarding filtration continues to demonstrate
improvements in dose reduction when obvious variances of
tissue densities are present. Findings on the effects filtration
has on patient dose and image quality could innovate the
way many exams are performed in the realm of radiography.
Future program settings of the radiographic software could
be modified to automatically add copper and aluminum
filters when cervical, thoracic, and lumbar exams are
selected. Obesity is one of the main obstacles radiographers
face today when completing exams, and since filtration
specializes in compensation for varying tissue densities it
could easily be applied in these scenarios. As the number of
obese patients in the United States population continues to
increase, filters could also create new avenues in
compensation for excessive adipose tissues on radiographic
images. With further research, there are infinite domains to
which the use of filtration of the x-ray beam could be
practiced.

